Background The association between Belfast and research into the hazardous effects of asbestos exposure goes back many years. This paper aims to update previous papers and review the burden of asbestos related disease in Northern Ireland today.
Introduction
Asbestos is an important preventable cause of ill health. It causes mesothelioma of the pleura and peritoneum, cancers of the lung and larynx and certain gastro-intestinal cancers.
1,2 It has been classified as a proven carcinogen by both the International Agency for Research on Cancer (IARC) of the World Health Organization, and the Environmental Protection Agency (EPA) in the United States. 3, 4 The link between Belfast and research into the health effects of asbestos exposure goes back many years. 5 A cluster of three cases of pleural tumour had been reported as early as 1935, 6 and in 1950 a pathological description of 15 pleural tumours was collected and subsequently reported. 7 However, the link between mesothelioma and asbestos exposure was made by Wagner et al. in a study of crocidolite miners in South Africa in 1960. 8 Elmes in 1965 9 established the association between occupational exposure to asbestos and pleural cancer in Belfast shipyard workers. He also showed that about 20 per cent of the Belfast male population had asbestos bodies in their lungs at autopsy. Further studies revealed marked physiological evidence of lung disease in a random sample of Belfast insulation workers.
10,11 Elmes 12 in a 26 year follow-up study of the total population of insulation workers in Belfast in 1941 showed that these men had 2.6 times the death rate of other Northern Ireland males. The ratio was 3.9 for all cancer and 17.6 for cancer of the lower respiratory tract and pleura. A further extension of this study was reported in 1977. 13 There have been no recent studies in Northern Ireland to estimate the present burden of asbestos exposure on the population of Northern Ireland; this is the aim of the present study.
Data and methods
This analysis was based upon all registered deaths in Northern Ireland between 1985 and 1994 inclusive, in which mesothelioma or asbestosis was recorded as an underlying or contributory cause of death. The relevant ICD9 codes were 158, 163, and 501. Before 1985 mesothelioma in Northern Ireland was coded as ICD-199 (malignant neoplasm without specification of site) and 1994 was the most recent year for which the data were thought to be complete. Deaths in which mesothelioma and asbestosis coexisted were attributed to mesothelioma, in keeping with the convention adopted by the Health and Safety Executive.
14 Age-and sex-standardized rates for each disease were produced using the world health standard population with binomial approximation for the 95 per cent confidence intervals. To describe the geographical distribution of these diseases the indirectly standardized mortality ratios, using the Northern Ireland overall rates, were calculated for each local government district. The 1991 Census population was used as denominator. Proportional mortality ratios (PMRs) were calculated for specific occupational groups using all deaths during the 10 years. These were only calculated for males in those occupations which had four or more asbestos related deaths in the 10 year period. Ninety-five per cent confidence intervals for the PMRs were derived from the Poisson distribution.
Results
Five hundred and twenty-seven deaths were recorded between 1985 and 1994 in which pleural or peritoneal cancer or asbestosis were mentioned as either the underlying or the contributory cause of death. A total of 462 (87.7 per cent) of these were male and 65 (12.3 per cent) female. The ratios of males to females were: pleural cancer (19:1), asbestosis (190:1) and peritoneal cancer (2:1) ( Table 1 ). The age-specific rates rose exponentially with age, and approximately 75 per cent of these deaths were in those aged 75 years or over. The percentage diagnosed after an autopsy and the proportion that were recorded as the main cause of death are shown in Table 2 . Three hundred and twenty (90.1 per cent) of the pleural and peritoneal cancers in males were recorded as the underlying cause of death, and 66 (60.0 per cent) of the asbestosis deaths were recorded as an associated cause. In cases where these three asbestos related diseases were recorded as an associated cause, the underlying cause was most often acute myocardial infarction, stroke or lung cancer, in that order. The majority (84.6 per cent) of asbestos related deaths in males were confirmed at autopsy; this was also true for females, with the notable exception of peritoneal cancers, none of which had an autopsy, though only 47.6 per cent of male peritoneal cancers had had an autopsy.
An analysis of the rates of death from pleural cancer in Northern Ireland between 1985 and 1994 ( Fig. 1) In cases where both asbestosis and either pleural or peritoneal cancer were mentioned on the death certificate, the cancer was taken as the underlying cause of death. The population at risk was the sum of the mid-year estimates for the 10 years; this was 8 128 449 for females and 7 800 062 for males. conventional levels of statistical significance. The lower rates for the last two years might suggest the start of a downward trend. The number of deaths in females each year was small and consequently there was no discernible trend. The number of deaths caused by asbestosis over this period was relatively constant at an average of 11 deaths per year. There was no observable trend in annual death rate from peritoneal cancer in either males or females. The distribution of asbestos related deaths in Northern Ireland shows a characteristic pattern, which is typified by that of male pleural cancers (Fig. 2) . The areas with the highest ratios are in close proximity to Belfast, the most populous Local Government District and the hub of the country's shipbuilding industry. The distribution of female peritoneal cancers, however, does not follow this pattern: the ratios for Belfast are below the Northern Ireland average and there is much less clustering evident (Fig. 3) . Table 3 shows the PMR of those occupational classes with four or more of the cause-specific deaths recorded over the 10 year period. Twelve occupations account for over half of the pleural cancer deaths and six for over half of those caused by asbestosis. Many of those occupations associated with shipbuilding such as plate metal workers, fitters, fitter's mates and sheet metal workers are prominent amongst those dying from pleural cancer. Builders, builder's mates, building labourers and general labourers exhibited an elevated risk of asbestosis. 
Discussion
This paper set out to review the burden of ill health attributable to asbestos related diseases in Northern Ireland between 1985 and 1994. The only guide available has been the number of deaths with a diagnosis of asbestos, or pleural or peritoneal cancer. Is this a useful measure? The use of death certificates in epidemiological studies relating to asbestos exposure has been questioned by other researchers. 15, 16 Death registration data such as these depend on the accuracy of the diagnosis and coding of the cause of death, which in turn depends on the degree of clinical awareness and the range and availability of diagnostic facilities over this period. Three-quarters of cases were 75 years and older at time of death, and it is known that the interpretation of the certification of cause of death in patients of advanced years is particularly difficult. 17 Pleural cancer, however, is progressively and universally fatal 18 and mortality rates are therefore thought to be a good indicator of the incidence of the disease. Asbestosis, though progressive, is not associated with the same inexorable advance and many, 'more natural' causes of demise have occasion to intervene. However, the knowledge of the dangers to health caused by asbestos exposure and the possibility of compensation arising from industrial injuries have probably ensured that most of those who may have been occupationally exposed have been adequately examined and diagnosed ante-mortum. It is notable that 117 (22.2 per cent) of the 527 asbestos related deaths were only registered as an associated cause of death and an unwary researcher, searching only on underlying cause, may therefore significantly underestimate the true burden of disease attributable to asbestos.
It is axiomatic that the confidence to be placed on the certified causes of death is proportional to the post-mortem rate. The proportion of those deaths reported here which had a postmortem (84.6 per cent for males, 20.0 per cent for females) is very much higher than that for other deaths; for example, between 1990 and 1994 the overall autopsy rate in Northern Ireland was approximately 6.8 per cent. The autopsy rate in females was lower than in males, even for pleural cancers, notwithstanding the fact that these females tended to die at younger ages (62.8 years and 68.8 years, respectively). None of the cases of peritoneal cancers were subjected to an autopsy. Without more detailed information relating to the ante-mortem diagnostic procedures, it is difficult to be certain how much reliance can be placed on these diagnoses. There are additional reasons to suspect the diagnosis of peritoneal cancer in these cases; these are given below.
The geographical distributions are difficult to interpret. On one hand, there is a striking concentration of high mortality around Belfast, where shipbuilding is concentrated. There are, however, other areas further away from Belfast where the ratios are also significantly elevated. This may be due to (1) migration (Belfast, like many large cities has undergone a radical reduction as the population has decanted to satellite towns in the hinterland), (2) stochastic variation and (3) non-shipbuilding attributable causes of asbestos related disease, such as other industrial processes or arising from the building industry. Given the known long incubation period between exposure and clinical symptoms and death 18 it is difficult to unravel the various contributions of these three.
The PMRs have been used to estimate the impact of asbestos related diseases upon the different occupations. The range of affected occupations within the shipbuilding and construction industries are similar to those reported by others in the United Kingdom. 19 The PMR is an estimate that is standardized to control for the possible confounding effects of age and sex. It does not provide an absolute measure of the underlying risk of disease, which would require more detailed knowledge of the populations at risk. An elevated PMR may represent a true increased risk but may also arise if there had been a deficit of deaths from other causes. Notwithstanding these methodological issues, the association of asbestos related mortality and the shipbuilding and building industries is marked. It is probable that the PMRs actually underestimate the true risk as: (1) the cut-off of four or more deaths excluded many occupations that are clearly related to maritime engineering; (2) most of the occupations listed would place these workers in the middle to lower end of the social class spectrum, where mortality from other, competing causes such as ischaemic heart disease is higher than the Northern Ireland average, thereby reducing the apparent PMRs from asbestos related causes: (3) because of the long period between exposure and death, many of those involved with the shipbuilding industry may have found employment elsewhere, leading to the possibility of under-recording of these occupations.
Asbestos exposure is also a risk factor for lung cancer, 20 and tobacco and asbestos act synergistically to further increase lung cancer risk. 21 Recent evidence suggests that lung cancers can occur as a result of asbestos exposure in the absence of clinical or histological evidence 22 or radiological evidence 23 of asbestosis. Therefore a proportion of the lung cancers in Northern Ireland are attributable to asbestos exposure. Studies in the West of Scotland 24 have suggested that between 2.3 and 9.1 per cent of all male lung cancers in that region were attributable to asbestos exposure. If these data are applied to the six Local Government Districts surrounding the Belfast estuary then an additional 64-253 male lung cancer deaths should to be added to the tally of asbestos related deaths between 1985 and 1994 in Northern Ireland. Alternatively, the Health and Safety Executive suspects that the number of lung cancers produced by asbestos exposure is at least equal to and perhaps greater than the number of cases of mesothelioma; 14 this would add approximately 310 lung cancers over the 10 year period. The debate about the association between asbestos exposure and lung cancer has re-ignited recently with some reports suggesting that the carcinogenicity of some forms of asbestos (notably chrysotile in the pure form) may have been overstated. 25 However, others have stated that the current mechanisms to control asbestos exposure should remain in place, 26, 27 especially as safer substitutes exist.
This paper would raise doubts as to whether all of the deaths registered as peritoneal cancers in females should be defined as asbestos related. The reasons for this are as follows: (1) the number of deaths caused by peritoneal cancer is higher in females than in males, which is at variance for the other asbestos related diseases; (2) none of the 46 cases in females were the subject of an autopsy; (3) the age distribution is different (younger in females); (4) the geographical distribution of these cancers is very different from that of the other asbestos related diseases. A similar study in England and Wales 28 concluded that only approximately one in five of these peritoneal tumours were genuine mesotheliomas, metastases from an abdominal primary being the most likely explanation of the remainder.
This paper suggests that the number of pleural cancers in Northern Ireland between 1986 and 1994 has been increasing though the trend is not significant. This is at variance with an earlier report 29 on cancer deaths in Northern Ireland, which showed a marked increase over the same period. The differences are due to the latter paper analysing only those deaths where pleural cancer was registered as the underlying cause of death. The number fell in the last two years and this may be evidence of a downward trend. Increased use of diagnostic facilities over the period may, of course, have produced an apparent increase in recorded cases. Peto 30 has recently estimated that mesothelioma deaths in the whole of Great Britain (Northern Ireland was not included in the analysis) will continue to increase for at least 15-25 years. It is thought that asbestos exposure at work in the construction and building maintenance industries will account for a large proportion of these future deaths. Different trends are predicted for the United States, where the epidemic, possibly related to asbestos use in the Second World War, has already reached its peak. 31 In Cydebank, 32 Scotland, where like Northern Ireland, exposure has primarily been related to the shipbuilding industry, rates of asbestos related deaths peaked in 1989, suggesting that the cohort effects associated with maximum occupational exposure to this source of asbestos may have passed. Another possible cause of a cohort effect could be related to the recent reports suggesting that simian virus SV40, a contaminant of poliovaccines, which were widely used in the 1950s, may act synergistically with asbestos to increase mesothelioma risk. 33 In the United States exposed workers are offered regular health checks and the WHO has recommended regular health checks and surveillance of workers exposed to asbestos. 34 It is thought that screening will identify high-risk groups, help direct preventive actions, discover occupational diseases and develop improved tools for treatment and prevention. 35 The only effective way in which morbidity caused by asbestos will be reduced is through primary preventive measures aimed at reducing exposure in the workplace. These measures need to focus on individual workers, specific groups of workers and the general work environment. Because of the synergistic effect of tobacco smoke and asbestos to increase lung cancer risk, it will also be important to promote no-smoking policies and reduce the levels of passive smoking.
